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Abstract — Power-line communications is a promising 
technology to help automate buildings, as it utilizes the in-situ 
power cabling as a communications channel. However, couplers 
are required to inject and extract the communication signal from 
the power grid. Most power-line communications couplers make 
use of a small transformer to adapt impedance levels while also 
providing galvanic isolation. The cost and size of these 
transformers have been hindrances in the quest for compact, 
economic couplers. Previous attempts to eliminate this coupling 
transformer, while maintaining impedance adaptation, have not 
been successful in reducing component cost nor physical size. In 
this paper, a novel approach is followed: (1) a suitable dual-
function band-pass matching circuit is designed as for ordinary 
electronics, whereafter (2) the specifications of this band-pass 
matching circuit is upgraded to function safely in the power-grid 
environment as a coupler. Therefore a matching circuit is 
transformed into a compact power-line coupler, which further 
exhibits band-pass filtering and excellent impedance-adapting 
performance. Simulations as well as laboratory measurements 
are shown which confirm the accuracy of the design. Finally, 
practical 220-V measurements in an office block are presented, 
which prove the versatility of this novel coupler when power-grid 
conditions fluctuate.1 
 
Index Terms — Power system communications, home 
automation, coupling circuits, impedance matching, filtering. 
I. INTRODUCTION 
LTHOUGH power-line communications (PLC) has been 
studied for decades, PLC coupling has been a neglected 
topic, and has only received new attention during the past 
few years [1]-[9]. Some investigations regarding peripheral 
issues and comparative performance of couplers have been 
made, e.g. [7]-[9], however proper analysis and design of 
couplers themselves has been limited, see [1]-[6].   
Amongst other applications, PLC is also being investigated 
and developed as a promising technology to help automate 
homes and other buildings without having to pay for network 
cabling [10]-[15]. However, to inject and/or extract the 
communication signal into- and from the in-situ power 
cabling, PLC couplers are required. These couplers may be as 
simple as a single series capacitor, however, the majority of 
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capacitive couplers have an added coupling transformer for 
galvanic isolation and impedance adaptation [1]-[6], [16]-[19]. 
It is this coupling transformer that dominates the cost of 
power-line communications couplers, as the core, copper 
conductors, and manufacturing costs are expensive. 
Coupling and impedance adaptation without the industry-
standard coupling transformer, has been the topic of 
investigation in [20] and [21], respectively. However, for this 
cascaded two-stage solution, complexity and component count 
had risen to unacceptable levels – see Fig. 1(a). 
As a novel solution, in this paper a band-pass impedance 
matching circuit is thus proposed, which consists of only two 
inductors and two capacitors, and which is further upgraded to 
function as a PLC coupler. However, after integration of the 
inductive part of the power-line impedance into the circuit, 
only three components are required – see Fig. 1(b). 
 
Fig. 1.  ‘Before and after’ circuit diagrams comparing complexity and 
component count. (a) Cascaded band-pass coupler and impedance matching 
circuit [18]. (b) Novel matching coupler. 
 
In the sections to follow, the design of a basic 4-element 
band-pass matching circuit is presented (Section II). Next, 
Section III discusses requirements imposed on such a 
matching circuit by the demanding power-line environment – 
to function properly as a coupler. Following this, simulation 
results and laboratory measurements are compared in Section 
IV. Finally, practical 220-V power-line measurements in an 
office block are presented in Section V. These measurements 
show excellent performance at the impedance level which the 
coupler was designed for. However, even at various lower and 
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higher power-line impedance levels, the prototype coupler 
performed well, yielding many decibels of improvement over 
each mismatch level. 
II. DESIGN OF BAND-PASS MATCHING CIRCUIT 
In the design of this prototype only lumped parameters are 
used as the frequency of operation is 110 kHz. For broadband 
PLC (> 1 MHz), parasitic effects would play a more important 
role and should thus be included in the modeling and design. 
For relevant impedance matching background theory and how 
it relates to power-line communications, the reader is referred 
to [1]-[5], [16]-[19] but specifically also [21]-[23], where the 
basic building block of impedance matching circuits (the L-
Section) is discussed. These impedance matching L-Sections 
can effect either a high-pass or a low-pass filter circuit, 
depending on configuration of inductors and capacitors. 
However, a band-pass impedance matching circuit may be 
constructed by utilizing two cascaded L-Sections, where one 
effects a high-pass response, the other a low-pass response, 
and thus the two in cascade, yield a band-pass filter. Two 
topologies are possible, depending on the order of the low-
pass and high-pass L-Sections. The choice between the two 
topologies, may be determined by various factors and is 
discussed in Section V. However, the design of such a band-
pass ladder network is considered first. 
A 50- modem to 12.5- power line (resistive) mismatch, 
and associated 4-element matching band-pass ladder-network 
is shown in Fig. 2. Typical indoor R-L power-line network 
impedance values of 12.5 Ω and 17.5 μH are assumed for 
frequencies below 500 kHz, since these parameters usually 
vary between 5 Ω and 20 Ω (resistive) as well as 7 μH to 27 
μH (inductive) – see [16]. To simplify the design process and 
facilitate laboratory testing (Section IV), the resistive part of 
the power-line impedance will be considered first, however 
the inductive part will be incorporated into the design later 
(see Section V). 
The design steps for such a matching network (shown in 
Fig. 2) make use of similar concepts as is used for L-Sections 
[21]-[23]. However, a virtual shunt resistor is introduced 
between the two L-sections to help facilitate the design, by 
breaking the design up into two stages. Thus the left hand side 
and the right hand side of the circuit in Fig. 2, will both be 
matched to the value of this virtual resistor, yielding a 
compatible, matched circuit. 
Also, the value of the virtual resistor (acting as an in-
between stage) has to be between the two extremes of the 
source and load impedance. Furthermore, the widest pass-
band (lowest Q-factor) for matching can be obtained by 
choosing the virtual resistor RV equal to the geometric mean of 
the two terminal impedances [22], i.e. 
PSV RRR  ,                 (1) 
RS being the series transmitter output impedance, and RP 
representing the parallel ‘receiver’ (here power-line) input 
impedance. 
 
 
 
Fig. 2.  Band-pass matching ladder network, made up of two cascaded L-
Sections, one high-pass and one low-pass. A virtual resistor is inserted only 
for the design, in order to break the design up into two stages. 
 
Therefore, assuming a 50-Ω to 12.5-Ω (resistive) 
impedance mismatch between the communication system and 
the power-line network, RV = [(50)(12.5)]1/2 = 25 Ω. Once RV 
has been defined, the rest of the calculations follow similar 
steps to those outlined in [21]. For the L-section with the 
larger terminating impedance (a typical 50-Ω modem 
impedance), the quality factor is defined by: 
11
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For the L-section with the smaller termination impedance 
(in this case a typical 12.5-Ω indoor power-line resistance), 
the Q-factor is defined by: 
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Because quality factor can also be expressed as ratio of 
reactance to resistance [21]-[23]: 
SSS RXQ   (for series branches) and        (4) 
PPP XRQ  (for parallel branches),         (5) 
the following design steps may be followed to obtain 
reactance values for Fig. 2. 
For the first L-section, calculate the required reactance of 
the series branch using (4), XS1 = QRV  = (1)(25) = 25 . For 
the first L-section, also calculate the reactance of the parallel 
branch using (5), XP1 = RS/Q = (50)/(1) = 50 . For the second 
L-section, calculate the reactance of the series branch using 
(4), XS2 = QRS  = (1)(12.5) = 12.5 . Lastly, for the second 
L-section, calculate the reactance of the parallel branch using 
(5), XP2 = RV/Q = (25)/(1) = 25 .  
The above calculations yield the required reactance values 
for a 50- to 12.5- 4-element band-pass matching network 
(see Fig. 2). Two realizations are possible, depending on the 
chosen topology of capacitors and inductors. See Fig. 3 (a) 
and (b) of which the former proved to be more suitable – refer 
to Section V for a discussion. Given the center frequency fC = 
110 kHz, capacitor values can be obtained using: 
Xf
C
C 
 2
1 ,                 (6) 
while the inductor values may be calculated using: 
Cf
XL  2
.                  (7) 
 
 
 
 
(a) 
 
(b) 
Fig. 3.  Two possible realization options for the band-pass impedance 
matching network (50-Ω and 12.5-Ω terminal impedances) with L and C 
components for a center frequency of 110 kHz. 
 
Next, the specifications of these components still have to be 
adapted for the power-line environment in order to use it as a 
PLC coupler. 
III. UPGRADING THE BAND-PASS MATCHING CIRCUIT TO A 
POWER-LINE COUPLER 
The required modem maximum output current specification 
can be obtained by setting the power-line impedance to zero in 
Fig. 3(a) – in case a fault occurs on the power-line side. Apart 
from impedance matching, another important task of this 
novel PLC coupler, is to sufficiently filter the power 
waveform for two reasons: (i) In order that the modem 
electronics is not damaged (for this reason the remainder of 
the power waveform after filtering has to be below say 20 
volts peak), and (ii) in order that the input of the receiver is 
not saturated, causing the received signal to be distorted. 
Acceptable, filtered, power waveform peak voltage levels (to 
prevent receiver saturation) would differ from design to 
design, but should preferably be below 1 volt (peak). 
Therefore sufficient filtering of the 50-Hz waveform should 
be confirmed, after the impedance matching circuit has been 
designed – see below. 
For a 240-VRMS residential power grid, a peak voltage of 
~340 V may be experienced, and capacitors with a 500-V 
blocking voltage are typically used for such applications. To 
make recommendations for coupler component specifications 
however, it is best to consider impedance (reactance) values at 
power waveform frequencies. Fig. 4 shows an equivalent 
circuit for Fig. 3(a) at 50 Hz. 
To consider the effect of the 50-Hz power waveform on the 
coupler and modem electronics, the circuit needs to be 
considered in reverse mode, pretending that the modem now 
‘receives’ this ‘transmitted’ waveform. If a worst-case 50-Hz, 
340-V peak voltage is resident between live and neutral 
outlets (Fig. 4), it is evident that the series 5.7-m inductive 
reactance is effectively a short circuit and has almost no 
influence, thus the voltage divider rule predicts that practically 
the entire 340 V would appear across the parallel capacitor 
(Fig. 4). Therefore this capacitor needs to be rated as a 500-V 
capacitor. 
 
 
 
Fig. 4.  Reactance values of Fig. 3(a) at a 50-Hz power-line waveform 
frequency. For worst-case calculations, an ideal power-line source with zero 
impedance is assumed. Circuit is considered in reception mode with modem 
voltage source short-circuited. 
 
Next, the parallel 72.3 H inductance (Fig. 4) is considered, 
which is also effectively a short circuit (22.7 m) at 50 Hz, 
thus clamping the 50-Hz voltage across the modem to almost 
zero. This low-frequency effect is part of the combined 
filtering action of this circuit, which yields a band-pass 
response as is shown in Section IV.  In a worst-case scenario, 
the voltage divider rule predicts that its 22.7-m reactance 
would only experience a ratio (22.7 m)/(55 k + 22.7 m) 
of the peak 340 volts, i.e. only approximately 140 V (peak) 
across itself and thus also across the parallel modem input. In 
case of a default at modem input (i.e. short circuit), zero volts 
would be present across this inductor, and the same above 
requirements are still applicable. Thus the matching coupler 
would function effectively in reducing the power waveform to 
a safe and acceptable level. 
The remaining 50-Hz voltage (essentially 340 VPEAK) would 
be dropped across the series capacitor, which thus helps to 
effect the filtering action of the PLC coupler. Therefore this 
series capacitor also has to be rated 500 V. Further, the 
frequency response of each capacitor needs to be satisfactory, 
with a stable capacitance for frequencies within the required 
pass-band of the PLC coupler. 
For the specific circuit in Fig. 4, the two inductors have 
minimal current and voltage rating requirements, but do need 
to be stable versus frequency, especially within the 
communication band. For coupler circuits where inductors 
carry larger currents, conductors have to be adequate, and care 
must be taken to ensure that the inductor core does not 
saturate at low power-waveform frequencies. 
To compare cost and size of this novel matching coupler 
with a traditional transformer-capacitor coupler (Fig. 5), 
quotations for the applicable components were obtained [24]. 
Compare Table I with Table II which show that only a 
marginal size reduction is achieved, however a substantial cost 
reduction is possible with the new coupler. 
 
 
 
 
Fig. 5.  Traditional transformer-capacitor coupler used as a benchmark for cost 
and performance. 
 
TABLE I 
COST AND PCB FOOTPRINT SIZE – TRANSFORMER COUPLER 
Component and 
Specification 
Cost ($US) 
@MOQ 10,000 PCB Footprint (mm
2 ) 
1 x Capacitor 
1 µF/400 V $0.153 4 x 13 = 52 mm
2 
1 x Transformer 
PLC/ADSL $0.973 12 x 12 = 144 mm
2 
Total: Transformer 
Coupler $1.126 196 mm
2 
 
TABLE II 
COST AND PCB FOOTPRINT SIZE – MATCHING COUPLER (SEE FIG. 9) 
Component and 
Specification 
Cost ($US) 
@MOQ 10,000 PCB Footprint (mm
2 ) 
2 x Capacitor 
56 nF/400 V $0.140 each 4 x 13 = 52 mm
2 each 
1 x Inductor 
72 H $0.329 5.5 x 15 = 82.5 mm2 
Total: Matching 
Coupler $0.609 186.5 mm
2 
IV. LABORATORY VS. SIMULATION RESULTS 
In this section, the performance of the designed matching 
coupler is evaluated by simulation and experimental 
measurements. In order to confirm band-pass filtering and 
impedance matching, the transfer function of the designed 
circuit (Fig. 3(a)) was simulated on computer. A prototype 
was also constructed to confirm band-pass filtering and 
matching experimentally. 
To test the prototype in the laboratory, a Goldstar FG2002C 
signal generator (acting as a transmitter) was swept through 
the frequencies under consideration, while an IFR2397 
spectrum analyzer measured the received signal strength, 
using the maximum hold function. The matching coupler 
prototype was the only circuitry between above transmitter 
and receiver instruments. 
The variable power-line (receiver) resistance was emulated 
by paralleling a specific number of calibrated 50- 
terminations with the internal instrument impedance of 50 . 
For example, 3 external 50- terminations added to the 
internal 50- spectrum analyzer impedance, yields ~12.5  
(resistive) – see Fig. 6(a). Multiple laboratory tests and 
simulations were performed to check the performance of the 
50-Ω to 12.5-Ω matching coupler under fluctuating power-
line impedance conditions. 
Experimental confirmation of the new coupler’s band-pass 
filtering (linear scale) is shown in Fig. 6(b) as well as 
improved impedance matching of ~2 dB, given a 50- to 
12.5- mismatch level as base line. Also, if the power-line 
impedance drops by 50 % to 6.25 Ω, the general purpose 
matching coupler still achieves gains of roughly 4 dB over the 
mismatch base line. 
The simulation results for loads of 12.5  and 6.25  are 
shown in Fig. 6(c), again benchmarked against the appropriate 
mismatch level. Although designed for the typical (12.5-Ω 
resistive) indoor power grid, various simulation results 
showed that the 50-Ω to 12.5-Ω matching coupler circuit still 
provides significant gains when used with incorrect 
terminating power-line impedances. 
 
 
(a) 
 
 
 
 
      (b) 
 
 
 (c) 
Fig. 6.  (a) External 50-Ω terminations in parallel with an instrument input 
impedance to emulate a 12.5-Ω power-line resistance. (b) Band-pass response 
of the prototype (linear scale) and ~2 dB of gain realized by the matching 
coupler compared to the measured mismatch base line. (c) Simulation results 
confirming measured results in (b). The top curve shows the matching coupler 
response for the correct (matched) 12.5-Ω load. However, if used to couple an 
incorrect 6.25-Ω load (bottom curve), ~4 dB is still gained over the mismatch 
level. 
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The versatility of the matching coupler in the above 
measurements and simulations, raised the question of how the 
prototype would compete against a correctly matched coupler 
for a power-line impedance lower than 12.5 Ω. Therefore the 
lowest (most severely loaded) power-line condition of 3.125 
Ω was investigated by means of simulation. These results are 
shown in Fig. 7 which contrasts the response when using a 
correctly matched 3.125-Ω coupler, against the (now 
unmatched) 12.5-Ω prototype coupler. 
Interestingly, the simulation response shows that a correctly 
matched coupler (for 3.125-Ω power line load) will provide 
only approximately 3 dB of gain over the prototype general-
purpose matching coupler (which was designed for 12.5 Ω). 
Also, a fairly flat response within pass-band is shown by the 
3.15-Ω coupler compared to the prototype general-purpose 
coupler which dips inside the pass band. A narrower pass-
band and somewhat improved filtering are also shown by the 
correctly matched coupler. 
 
 
 
Fig. 7.  Simulated comparison of matched 3.125-Ω coupler response and 12.5-
Ω (general purpose) coupler response for a 3.125-Ω power-line load. Only ~3 
dB is sacrificed when using the 12.5-Ω general-purpose coupler. 
V. PRACTICAL RESULTS 
In order to test the practical performance of the proposed 
band-pass matching coupler, two prototype 50-ohm to 12.5-
ohm matching coupler circuits were built with specifications 
to withstand the strain of the 220-VRMS power grid. The two 
couplers were used as a transmitter-receiver coupler pair, with 
the live power-line channel in between. Fig. 8 illustrates the 
measurement setup that was used to test the practical 
performance of these matching couplers. 
The two matching couplers were constructed according to 
Fig. 3(a), however an important change was made. Upon 
considering which topology to implement – Fig. 3(a) vs. Fig. 
3(b) – it was discovered that the first configuration allows the 
incorporation of the typical power-line inductance into the 
matching circuit, as was done for practical measurements in 
this section.  
Take note that the matching procedure used in the design of 
Fig. 3(a) assumed resistive terminal impedances. As such, 
only the typical power-line resistance was taken into account, 
however, the power-line inductance was not. If the matching 
coupler of Fig. 3(a) is used, the power-line inductance can 
now form part of the solution, to help implement the matching 
circuit. 
 
(a) 
     
(b) 
Fig. 8.  (a) Schematic representation and (b) photos of the live measurement 
setup used to test the performance of the matching couplers in an office block. 
 
The expected 17.5-H power-line inductance was 
sufficiently close to the design value of 18 H, so that the role 
of this component could be fulfilled by the power-line 
inductance. In previous designs, the value of this required 
series inductor was merely reduced by the value of expected 
power-line inductance (as the two in series would make up the 
required total) – see [21]. Fig. 9 shows the final prototyped 
coupler, where the typical power-line inductance is utilized to 
help fulfill filtering and matching functions, and thus a three-
element matching coupler results. 
 
 
Fig. 9.  Prototyped 50-Ω to 12.5-Ω matching coupler for practical deployment. 
Only 3 components are required for the coupler, as the power-line inductance 
fulfills the function of the fourth. 
 
The practical test results below were carried out in an office 
block (see Fig. 10) and show the performance of the 
prototyped matching couplers compared to standard 
transformer-couplers (a pair of 1:1 transformer-couplers and 
another pair of 2:1 transformer-couplers). In [2] it was shown 
that a 2:1 transformer-coupler makes a good general-purpose 
coupler for average distances between modem and dominating 
load (and 50- modems). See Fig. 11. Thus the performance 
3.125 Ω Mismatch Level
3.125-Ω Coupler @ 3.125-Ω 
12.5-Ω Coupler @ 3.125 Ω
 
 
of the matching coupler was compared with this benchmark 
provided by a 2:1 transformer-coupler. Also take note that a 
1:1 transformer coupler provides no impedance matching, but 
is useful as it provides a reference curve for the practical 
measurements which follow below. 
The first set of measurements were carried out between 
Office A and Office D (see Fig. 10), both connected to the red 
phase in a three-phase office block distribution network. A 
socket in-between the two offices (Pillar 2) was used as a 
central loading point to mimic conditions for the loading-vs- 
distance model in [2]. The dominating load (in this case 
additional loads) should be midway between two modems for 
the two modems to require identical winding ratios [2]. A 
4600-W load, equivalent to ~10.5 ohms, was used as an 
additional load at Pillar 2 (Fig. 10). 
 
 
 
Fig. 11.  Optimum winding ratio contours for a transformer-coupler from [2]. 
Y-axis represents distance while X-axis represents loading. Dashed ellipse 
indicates area where general-purpose 2:1 transformer-coupler will yield good 
results. 
 
This first set of practical results is shown in Fig. 12 – for 
frequencies up to ~1 MHz so that the prototype coupler’s 
band-pass filter effect can be seen. The novel band-pass 
coupler shows improved filtering out of band, however noise 
within the pass-band would still enter a modem when the 
coupler is used in receiving mode. Take note that improved 
intra-band reception increases both signal levels and received 
noise levels by the same factor and thus does not alter the 
received signal-to-noise ratio. As for all modems, internal 
circuitry still has to distinguish between signal and noise. 
For narrowband PLC frequencies below 300 kHz in Fig.12, 
the new prototype coupler pair performed on par, and even 
outperformed the traditional 2:1:2 coupler pair. Within the 
pass-band region, impedance matching further provided gains 
of up to ~8 dB over a 1:1:1 transformer-coupler pair. 
 
 
 
Fig. 12.  Practical 220-V measurement results (Office A – D) to show band-
pass filtering provided by prototype coupler pair. At 110 kHz, both the 
matching coupler pair and 2:1:2 transformer-coupler pair yielded ~26 dB 
attenuation compared to the ~33 dB reference of the 1:1:1 transformer-coupler 
pair. 
 
Next, measurements were taken between two offices 
(Office B and Office K, Fig. 10) – both connected to the white 
phase of the three-phase indoor office network. A socket at 
Pillar 1 was used as a loading point to mimic the model in [2]. 
By varying loads at such a central point, one can move the 
operating point along the horizontal X-axis in Fig. 11, thus 
impacting on optimum impedance matching required. These 
effects can be seen in Fig. 13 and Fig. 14 which show 
practical 220-V results up to 210 kHz between Office B and 
Office K. 
Results with no additional loads at Pillar 1, is shown in Fig. 
13 while Fig. 14 shows results with additional loads of ~10.5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10.  Office block floor plan showing power terminals and various Tx-Rx routes used during practical tests. 
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ohms connected at Pillar 1. Without additional loading (Fig. 
13), the prototype matching coupler pair outperformed the 
traditional 2:1:2 transformer-coupler pair by ~2 dB, and also 
the 1:1:1 transformer-coupler pair by a large ~8 dB, at 110 
kHz. 
With additional loading (Fig. 14) the prototype matching 
coupler pair performs even better within the pass-band. At 
110 kHz, the new matching coupler pair outperforms the 
traditional 2:1:2 transformer-coupler pair by ~5 dB. However, 
it provides as much as ~12 dB of gain, compared to the base-
line performance of the 1:1:1 transformer-coupler pair. 
 
 
 
Fig. 13  Practical 220-V measurements (Office B – Office K) without 
additional loads. At 110 kHz the matching coupler pair yielded only ~9 dB of 
attenuation compared to the 2:1:2 transformer-coupler pair’s ~11 dB and the 
1:1:1 transformer-coupler pair’s ~17 dB of attenuation. 
 
 
 
Fig. 14  Practical 220-V measurements (Office B – Office K) with additional 
loads (~10.5 Ω @ 50 Hz) connected to the indoor power-line network (Pillar 
1). At 110 kHz, the matching coupler pair outperforms the 2:1:2 and 1:1:1 
transformer-coupler pairs by ~5 dB and ~12 dB respectively. 
 
Take note that the measured curves in Fig. 12, Fig. 13 and 
Fig. 14 are effectively transfer functions measured between 
various live power outlets in an office block. These curves 
thus display the effect of the cabling, branching and loads 
between transmitter and receiver points, combined with the 
filtering and matching of the coupler as was measured in 
Section IV. 
Apart from the shown practical measurements, various 
other transmission paths and loading scenarios were 
investigated. These measurements confirmed that the new 
matching coupler pair in most cases performed on par, or 
outperformed the traditional general-purpose 2:1:2 
transformer coupler pair. 
The main reason is that both coupler types cater for 
resistive / modulus mismatches, however the matching coupler 
further caters for the reactive part of the mismatch. Although 
this power-line reactance does fluctuate with changes in 
location,  frequency, and time (and may even become 
capacitive), the prototype was designed for average 
conditions. The main reason for this approach, is that the end 
goal of the prototype coupler was to be an economical, static 
coupler – and not an adaptive coupler which requires control 
circuitry and would thus be more expensive. As the power-
line inductance deviates from the static design average, gains 
offered by the matching coupler will thus be reduced. 
However, in most cases improved matching will take place, 
compared to traditional transformer (modulus) matching – 
which does not cater for reactive components of the power-
line impedance. Similar to the simulation results, the presented 
practical results also confirmed the versatility of the new 
matching coupler for various time-fluctuating power-line load 
levels. 
VI. CONCLUSION 
A relatively expensive and bulky component of traditional 
PLC couplers, is the coupling transformer, which adapts 
impedance levels between modem and power grid. Previous 
attempts to save costs by eliminating this coupling transformer 
were not particularly successful. In this paper, a novel 
approach was presented, which yielded a compact coupling 
circuit that fulfils numerous functions: coupling (safety), 
band-pass filtering, and impedance matching. Even the 
inductive part of the indoor power-line impedance was 
integrated into the design, reducing component count further. 
Although the novel matching coupler was designed for 
average indoor impedance levels, simulations and laboratory 
tests showed improved performance even when power-line 
impedance levels fluctuate. Practical, indoor 220-V 
measurements further confirmed the versatility of the coupler, 
which outperformed a general-purpose 2:1 transformer 
coupler in most cases.  One limitation of the novel PLC 
coupler, is that galvanic isolation is not achieved.  Thus for 
safety reasons the proposed coupler should either interface 
with the modem via differential (non-earthed) inputs/outputs, 
or alternatively be deployed in double-insulated packaging. 
Although this project was aimed at narrowband, smart 
building type PLC applications, the above design principles 
can easily be extrapolated for outdoor narrowband smart grid 
PLC applications where impedance levels are also roughly 
linear against frequency, but at lower levels than for indoor 
cases, see [25]-[27]. 
However, the access impedance of broadband PLC 
networks (> 1 MHz) are typically more frequency selective, 
and vector fitting may be necessary to match the impedance 
over the required frequency response range, see e.g. [28]. This 
will result in more passive components, and the typical cost-
 
 
versus-performance tradeoff would have to be considered. 
Also, at these higher frequencies, various parasitic effects 
(especially capacitive effects) may have to be considered, as 
lumped parameter modeling may not be sufficient any more. 
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